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INTRODUCTIOO 
The designation "amino sugar" is applied to carbohydrate derivatives 
in \vhich one or more of the hydroxyl groups attached to the carbon 
backbone of a sugar molecul e are replaced by free or substituted amino 
groups. However, if the hydroxyl at the anomeric carbon atom is 
replaced by an amino group, the derivative is known as a glycosamine. 
The chemistry of amino sugar compounds has been studied in the last 
years in connection with the study of natural products , and many of t~~m 
have been isolatect.57 , l? ,lS Amino sugars pl ay an important r ole in bio-
chemistry , forming blocks of homo- and heteropolymers and complex 
molecules such as microbial polysaccharides , enzymes , gangliosides , 
glycoproteins, and antibiotics.59 
The presence of amino sugars in high molecular weight compounds on 
the surface of the cell or intracel l ular matrix suggest their participa-
tion in mechanisms through which cells recognize other cells.56 2-A~ino-
2-deoxy-Q-glucose (glucosamine , chitosamine) was the first amino sugar 
found in nature. 45 It is by far the most abundant monosaccharide. I t 
does occur as a major component of the hard shel l s of crustaceans, 
insects, and other arthropods, fungi , lichens, and mollusks.36 
g:Glucosamine has also been identified in several antibiotics such 
as kanamycin C, paromc11ycin, trehal osamine , and zygomycin A. 36 Mayers46 
identified Q-glucosamine as the only amino sugar component of diamycin. 
Muramic acid and N- acety l Q- glucosamine have been found in a wide 
vari ety of bacterial cell v:alls. S, l0 , 36,54 6-Phosphate derivatives of 
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muramic acid (2- amino-3- 0- (2-carboxyethyl) 2- deoxy- ,Q--glucose) have been 
identified as constituents of several gram- positive bacteri al cell 
walls .1, 26 , 43 , 
Glucosamine and muramic acid have been found in most of the bacte-
rial cell walls, except in one strain of staphylococcus aureus , in which 
only muramic acid has been found.33 A comprehensive treatise, 36 edited 
by Balazs and Jeanloz , reviews the occurrence , location, structure, 
biosynthesis , and biological role of amino sugars. In nature, amino 
sugars are usually glycosidically linked to other molecules. For 
example , the anomeric carbon of the amino sugar is involved in the 
linkage in antibiotics,15 in glycoproteins of bacterial cel l walls, 39 
in chitin,19 in oligosaccharides of the ganglioside series,7 and in the 
linkage of amino sugars to proteins.13 ' 14, 24 ,32,37 Thus, a great deal 
of research effort has been centered on L~e generation of the glycosi dic 
linkage, particularly in oligosaccharides ,42 and glycoproteins.51 It has 
been reported that the glycan component of the heat- inactivated spores 
of Bacillus subtilis, a polymer of 0 -1, 4 linked, alternating units of 
2- acetamido-2-deoxy-Q-glucose and muramic acid, possibl y has half of 
the muramic acid residues present in the form of a 3'-morpholinone.58 
Only few of the naturally occurring, biologically important oligo-
saccharides containing amino sugars have been synthesized. Particularly 
important for the synthesis are those amino sugar derivatives bearing a 
free hydroxyl group at C-1 that could be activated for the formation of 
the glycosidic bond. Prior to the process of activation of the C-1 in 
amino sugars , it i s necessary to protect other potential reaction 
centers in the molecule by blocking groups with the following 
characteristics : 
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1. The reaction between the blocking agent and the group to be 
protected must be selective and stereospecific 
2. The b l ocking group must be removable selectively without the 
remainder of the mol ecule being affected. 
3. The blocking group should not anchimerically participate in any 
reaction at the reacti ve sites. 
4. The blocking group should not exert any steric hindrance on the 
activation center, should not be affected during the activation 
process, and 
5. The blocked compound shoul d be preparabl e in high yiel d. 
Several protecti ng groups have been reported as meeting the above 
characteristics.2' 6' 48 ,61,62 However, it is des i rabl e to have a variety 
of blocking groups in order to meet varied synthetic needs. Among the 
most wi de ly used protecti ng groups i n carbohydrate chemistry are: The 
cyc l ic acetal s such as the benzyl idene group, whi ch is re l atively stable 
toward a l ka li but sensiti ve to mi l d l y ac i dic conditions; the cyclic 
carbonates,30 unstable to alkali but stable toward acids; the isopropyl-
lidene group, 60 whi ch i s stabl e toward a lkali but can be removed under 
acidic conditions . These cycl ic protecting groups are capable of 
protecting two functional positions simultaneously and specifically. It 
has been observed that the bulk and nature of the prot ecting group at 
C-6 affects the course of glycosidati on reactions.20,35, 44 Frechet and 
Schuerch observed variable ratios of the two anomeric methyl glycosides 
resulting from methanolysis of 6- 0- acyl-2, 3 , 4- tri-O- benzyl-a - £ -
glucopyranosyl bromide, depending on the nature of the acyl group. 
Some investigation on new suitable protecting groups has been done 
at this l aboratory.5' 9' 38 ,49 , SO, S3 Miyai and Gross , 49 deve l oped a trans 
diequatorially fused oxazolidinone bridging C-2 and C-3 of 2- amino-2- de-
oxy-g;glucose, and they also studibd a cis oxazolidinone of 2-amino-2-
deoxy- ,Q-allose . 
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Robinson 53 developed cyclic 4, 6-0-benzylidene derivatives of D-
= 
glucopyrano(2 , 3:4' , 5' )- 2'-oxazolidinones.53 Chiu , 9 developed a cis 
oxazol idinone derivative of 2- amino- 2- deoxy- Q-mannose. A cis fused 
diphenyl- 2'-morpho l inone derivative of 2-amino- 2- deoxy-Q-allose was 
synthesized by Babu.5 To avoid interaction between C-6 and the anomeric 
carbon atom , the cyclic 4, 5-o-benzylidene group was used to protect C-6 
and C- 4 of t he aldohexoses. Some di ffic ul ties were noted in t he 
selective r emoval of d1e benzyl aglycon by catalytic hydrogenation with 
the benzylidene group at C- 6 and C- 4 positions.48 However, Robinson53 
has reported the successful generation of a free hydroxyl group at C- 1 
by hydrogenation of a 8- p- nitrobenzyl glycoside without simultaneousl y 
cleaving a 4, 6- 0-benzylidene gr oup that was also present. Simi larly, a 
selective cleavage of a S- benzyl aglycon from a 4, 6-0-benzylidene sugar 
by catalytic hydrogenation has been achieved by adding silica gel to the 
hydrogenation mixture. 53 
The isopr opylidene group has been extensively used in carbohydrate 
chemistry to protect 4, 6 or 5, 6 positions in a l dohexoses and amino-
aldohexoses.3,4,16 , 21 , 22 , 23 , 27 ,28 , 29 , 31 ,40 ,52 ,55,63 However, Yillan38 ob-
served a reduction of the anomeric carbonyl function when he t r ied to 
remove by catalytic hydrogenation a B- benzyl aglycon from benzyl 4,6- o-
isopropylidene-S - ,]2- g lucopyranosido( 2, 3:4', 5') - 2'- oxazolidinone. The 
strain of two trans- fused cyclic blocking groups apparently i ncreased 
the concentration of the free aldehyde from the sugar to the point where 
it was easily hydrogenated itself. The i sopropylidene group i s not 
expected to affect any glycosidation reactions. I t was observed, how-
ever , t hat a change takes place from pyranose to furanose during the 
reaction of hexopyranoses with acetone and cupric sulfate.l6 , 21 , 23 
Cyclic carbonates have also been used to protect vicinal hydroxyl groups 
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on amino sugars.ll ,l2, 34 Doane and co- vTorkers reported t he preparation 
of a trans diequatoria l 2, 3- carbonate of methyl 4, 6-0-benzylidene 
a-£-glucopyranoside in 80% yiel d. I t was also observed by these i nves-
tigators that five member rings involving C- 2 and C-3 positions of an 
a -£-glucopyranose structur e are susceptibl e to nuc leophilic ring open-
ing, the rate of the cis 2, 3- carbonate being about half the rate of the 
trans 2, 3- carbonate.ll,l2 
Stat e ment of Proble m 
This research project had the purpose of preparing a derivative of 
2-amino- 2-deoxy-Q-glucose, with a free hydroxyl group at the anomeric 
carbon ,with the 4,6-positions blocked with the benzylidene cyclic 
acetal , and the 2,3- positions being bl ocked by a 3, 3-diphenyl- 2-morpho-
l inone ring trans diequatorially fused to the amino sugar ring. The C-1 
position was initially protected with a B- benzyl aglycon,which was 
expected to be removable sel ectively by catalytic hydrogenation. It was 
also hoped that we could optimize conditions for the synthesis of the 
morpholinonErlerivative. Selective c l eavages of the blocking groups 
were to be investigated. 
ME:TIK)[)S AND DISCUSSIOO 
Starting materia l benzyl 2- amino 4, 6- 0-benzylidene- 2- deoxy-Q-gluco-
pyranoside, a sugar amino a l cohol (fig. 1) , Has prepared according to 
the method of Gross and Jeanloz,25 in a l most quant i tative yield. 
a , a- Diphenyl chloroacetic acid ethyl ester Has prepared accordi ng 
to the method of Klinger , 47 in 80% yield. a , a- Diphenylbromoacetic acid 
was prepared according to the method of t-1eerwein and Kramers , 47 in 38% 
yield . 
For the preparation of benzyl 4, 6-0-benzyl i dene 8-£-glucopyanosido 
(2 , 3:5 ', 6 ' )3 ' , 3'-diphenyl - 2'-morpholinone ..!_, we tried a variety of 
different conditions , and different reagents. 
The mechanism of the reaction betHeen the sugar amino alcohol(fig.l) 
and the a , a- diphenyl - a- halogen acetic acid, or its ester, was assumed 
to include initial displacement of the halogen nucleofuge by the amino 
group free electron pair , via an SN2 step, followed in the case of 
esters by an attack of the oxygen at C- 3 of the sugar on the carbonyl 
group forming a tetrahedral intermediate , which looses the ester 
alkoxide group. The above proposal required the use of a base for 
binding protons , but not capable of reacting as a nucleophi l e wiL1 the 
halogenated carboxylic ester. In our first attempt to prepare compound 
..!_, phase transfer t}~ condi tions wer e used. 
The sugar amino al cohol and a, a- diphenyl chloroacetic acid ethyl 
ester were dissolved i n methylene chloride, the solution was stirred 
vigorously with a 10% aqueous sodium bicarbonate solution for 10 h at 
0° C, and later at 60° C for 24 h. TLC analysis showed only unreacted 
s t arting materials. 
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In a second attempt t o prepare compound ~, two nevl reactions were 
run in sealed microtubes. Each was charged with the chloroester, the 
amino alcohol, and the sterically hinder ed base, ethyl diisopropylamine. 
Dimethylformamide or dioxane served as solvents. After 20 h at room 
temperature , only starting material was detected by TLC-anal ysis. At 
this point, the explanation for the unsuccessful results , was that the 
chlorine of the a- chloroester was to poor as a nucleofuge. Conse-
quently, two new reactions were attempted with sodium bromide or sodium 
iodide as catalysts, a higher temperature (80° C) , and otherwise i den-
tical conditions. Aga in TLC analysis showed that no reaction had taken 
place . 
In the last unsuccessful attempt to synthesize compound ~, a mixture 
of dried benzyl 2- amino- 4, 6-0-benzylidene- 2- deoxy- 8-£-glucopyranoside, 
a,a-diphenylbromoacetic acid, and the strong base 1, 5- diazabicycl o (4. 
3. O)non- 5- ene was s tirred at 0° C for 24 h. The mixture was then 
treated with acetic anhydride, and was stirred Hith a methylcycl ohexane 
/water mixture. The precipitated crystals wer e analyzed by TLC, but the 
desired product, prepared previous ly by Khan, 38 v1as not detectable. 
Our first s uccessful preparation of compound ~ was achi eved by 
allowing benzyl 2-amino 4, 6-0-benzylidene-2-deoxy-8-~-glucopyranoside 
t o react with a, a- diphenylbromoacetic aci d, in presence of potassium t -
butoxide. Although t he purity of the product was comparable with that 
reported in the literature ,38 the yield was only slightly higher, (34%). 
The proposed reaction mechanis m is illustrated in f igure 2. It includes 
t he initial attack of the strong base H- on the hydrogens of the amino 
gr oup and the C- 3, giving origin to a dianion. Oxygen at C- 3 is rapidly 
protonated in an acid- base reaction by the bromoacetic acid. In t he 
next step one of the nitrogen free electron pairs displ aces the halogen 
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in a ~2 type mechanism. Later in the mixed anhydride, attack of t he C-
3 oxygen free electron pair at the carbonyl group with the subsequent 
expulsion of acetate anion c loses the ring. 
The method was somewhat improved, when potassium t - butoxide was re-
placed by a 57% sodium hydride suspension in mineral oil , (Exper . part) . 
In the workup of our fina lly adopted procedure, unreacted sugar amino 
alcohol was N, o-diacetylated to give benzyl 2- acetamido- 3-0-acetyl 
4, 6-0-benzyl idene- 8-,Q- glucopyranose as a by product, which a l so could 
be formed under the reaction conditions, after cleavage of the N-c bond 
in the morpholinone ring before the ring closure. This compound was 
identified as a s l ow running spot on the TLC- pl ates. We synthesized a 
s a mple and found it to be fairly inso l ub l e in methy lene chlori de , in 
contrast t o the morphol inone product. This sideproduct was therefore 
r emove d in the workup by se l ectively dissolving the morpholinone in 
methylene chloride, and by subsequent fi l trati on. 
Other possible side products were free benzylic acid, or benzyl i c 
acid lactide resulting from the a , a- diphenyl bromoacetic acid, which 
are believed to r emain l arge ly in the petrol eum ether during the workup. 
In our best syntheti c method, that afforded the highest yi eld and 
highest purity of compound 1:. (35% me 1 ting point 173- 174° C) sodium 
hydride , and potass ium t - butoxide were sequent i ally used as strong 
bases, and the star ting material benzyl - 2- amino 4,6-0-benzylidene - 2-
deoxy- 8-,Q-glucopyranos ide was dried by distilling toluene from it. 
a, a- d i phenyl bromoacetic ac id was pur i fied by recrystallization , and 
absolute di oxane and tetrahydrofuran were used as solvents. 
The reaction was run first at 0° C, and then at room temperature. 
Better results were obtained when the solid r esidue (Experimental part) 
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was thoroughly dried before acetylation with acetic acid and pyridine. 
Compound l was identified by comparing its physical properties such 
as melting point, optical rotation, thin-layer chromatography, nuclear 
magnetic resonance, and sol ubi li ty. In every case the results were 
i dentical to those reported by Khan. 3 8 
The benzylidene group could be removed from compound 1 in 60% 
acetic acid (45 min at 70° C). On TLC-pl ates a slow running spot was 
observed , along with the disappearance of the fast moving starting 
material s . This indicated the introduction of polar groups into the 
mol ecule . 
A broad absorption band in the 3400 cm- 1 region of t he IR-spectrum 
of the product indicated the presence of OH groups in its molecule. 
The carbonyl absorption band at 1740 cm- 1 typica] of a lactone 
structure, indicated that the 2'-morpholinone protecting group vlas not 
affected . 
The disappearance of a singlet at 6 = 5.58 in the PMR- spestrum 
indicated b~e aosence of the acetal proton in the benzylidene protecting 
group, and therefore the removal of this group from e1e molecule. The 
benzyl aglycon was i dentified in the PMR spectrum by two singlets at 
6 = 4.86 , and 6 = 4.68. The stability of the benzyl aglycon to mildly 
acidic conditions i s well known. 
Removal of the 0-benzylidene group is normally ac~ieved by an acid 
catal yzed reaction, with initial protonation of one oxygen followed by 
nucleophilic attack of water at the acetal carbon with f inal liberation 
of benzaldehyde and . t~e catalyst. 
Compound l was prepared in 80% yield; however some difficul ties 
were experienced during the purification process. This compound was 
initially crystallized from methanol/water, but very often, it turned 
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into oi l before crystallization occurred . Later a better method was 
found. Crystals , or syr up were dissolved in methylene chloride , and 
methyl cyclohexane was added to the cloud fX)int. During the concentra-
t i on in vacuo, methyl ene chloride evaporated first , and crystal s ap-
peared in the methylcycl ohexane. Crystallizati on was completed s l owly 
at 5° C. 
I n order to diff er entiate the hydroxyl gr oups at C- 4 and C- 6, 
compound l was a llowed to react at the primar y hydroxyl group with 
purified triphenyl methyl chloride in absol ut e pyridine to give compound 
l · ComfX)und 1 was obtained in low yield (28%); however , the TLC analysis 
showed the compl etion of the reaction since no starting material was 
detected. We assumed, that due to the extensive S~Qstitution with six 
aromati c rings , compound 1 is very so l ubl e i n the hydrocarbon 
solvents used i n the wor kup , a nd t hat that is the reason for l oss of 
materia l. During the visual ization process for the spots on t he TLC-
plates with 10% sulfuric acid in methanol, appearance of a yellow 
colored spot, which turned black after 15 min of heating at 120° C, is 
an indication for a compound that can form triphenylcarbonium ions , and 
is also carbohydrate in nature. TLC analysis showed this spot to be 
moving faster than compound 2; the IR- spectrum showed stil l the broad 
absorption band at the 3420 cm- 1 , indicative of the presence of a 
hydroxy l group in t he molecul e . The absorption bands in the PMR-
spectrum at 6 = 4.90 and 6 = 4. 70 indicated t hat t he benzyl aglycon was 
not affected. 
Another derivative of compound l was prepared by acetylation of e1e 
C- 4 and C-6 positions , with acetic anhydride and pyridine at room 
temperature to give compound 5, in 48 % yie ld . Its structure was 
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confirmed by a strong absor ption band at 1750 cm- 1 in the IR- spectrum, 
indicating the ester carbonyl , and in the PHR- spectrum , by the 
presence of t wo acety l (CH3) sing l ets at o = 2. 2 slightly separateC. , 
probabl y due to the i nducti ve effect of the lactone functional group on 
the acetyl that i s att ached to C- 4. Two doublets for the the 
diaster otopi c methyl ene pr otons of the benzyl ag l ycon at o = 4. 89 and o 
= 4.64 indicate that this group has not been affected. 
Compound 1_ was o-acetyl ated at the C- 4 position by treating it wi th 
acetic a nhydr i de and pyridine for 12 h at room temperature to give 
compound i i n 31% yi e ld . The product gave a s ing l e spot on TLC which is 
indicative of a complete reaction. It showed in the IR- spectrum a broad 
absorpti on carbony l band t hat i s s l ight l y s hifted towar d higher 
frequency (1 755 c m-1 ), but there is only a weak absorption at the N- H 
stretching mode (3380 cm- 1) in the IR- spectrum. 
The broad 0-H absorpt i on band was absent. The PMR- spectrum of 
compound i shov1ed an acetyl (CH3) singlet at o = 1. 75, which indicated 
the presence of a single acetyl group. Thus , the amino group had not 
been acetylated. Actual l y such N-acetylation was never observed for our 
compounds. Apparently , the amine function is severely sterically 
hindered. An explanation can be given for the low yield. During the 
workup procedure , compound 4 was precipitated from vJater/heptane mix-
ture, and ther e is probably considerable loss due to the sol ubility in 
heptane . 
Follow i ng our objective of study i ng the behavior of the 
morphol inone blocking group for the amino alcohol function , selective 
cleavages were attempted. 
Compound ~ was t reated with lithium aluminum hydride in anhydrous 
diethyl ether under reflux for 40 h, to give compound £. After this time 
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only a s ingle slowly moving TLC spot was detected. Compound ~ was 
prepared in 75% yield, and with sharp melting point. The disappearance 
of a carbonyl absorption band a t 1745 cm- 1 in the IR-spectrum indicated 
the complete reducti on of the lactone. A broad absorption band at 1670 
cm- 1, characteristic of a N-H deformation mode , and the N- H stretching 
band at 3385 cm- 1 , confirmed the presence of a amide a mide functional 
group. The PMR-spectrum of compound ~ showed a singl e t at 6 = 5. 40 
indicating that the benzylidene group was not affected under the 
reaction conditions. 
Compound ~ was treated with acetic anhydride, and pyridine at r oom 
temperature for 24 h, to give compound 2 in 93% yield. The appearance 
of an absorption band at 1740 cm- 1 in the IR-spectrum is indicative of 
the presence of an ester functiona l group. The absence of an amide 
absorption band in the IR-spectrum indicated t hat the sterically 
hindered secondary amine group had not been acetylated, and a weak N-H 
stretching band at 3380 cm- 1 i n the I R- spectrum also supported this 
ass ignment. In t he PMR-s~ctrum , the presence of methyl singlets at 
6 = 1.96 and 6 = 1.82 i ndicate t hat two acetyl groups were introduced 
i nto the molecul e . Two doubl et peaks at 6 = 4.82 and 6 = 4.75 indicated 
that the benzyl aglycon was not affected. The benzylidene singlet at 
6 = 5.40 is pr esent, which means that this group was not affected. 
The benzyl aglycon has been selectively r emoved pr eviously, in some 
investigations done at this l aboratory.53 Babu removed se l ect ively a 
benzyl aglycon protecting group from benzyl 4, 6- o-benzylidene- 8-&;allo-
pyranosido(2, 3;5', 6') 3', 3'-di phenyl-2'-morpholinone. ~· Ie hoped to be 
able to remove also sel ectively this bl ocking group from compound l by 
catalytic hydrogenation. 
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By catalytic hydrogenation at 1 at (48 h) in tetrahydrofurai'l/methanol 
sol ut i on, compound 9 was o~tained in 65% yi e ld. Starting materi al was 
not detectabl e on TLC-pl ates. The assigned structure of compound 9 
was s upported by the I R and Pl,1R- spectra. The I R- spectrum showed a 
carbonyl absorption band at 1740 cm- 1, which suggests that the l actone 
ester bond was not cleaved. The appear ance of a broad absorpt ion band 
at 3345 cm- 1 indicated the introduction of a hydroxy l group into t he 
mol ecule. In the PMR- spectrum the two doubl ets i n the vicinity of 
o = 4.80 , characteristic of t he benzyl methylene , had disappeared. 
Compound 9 gave a positive Fehling t est, indicating L~e presence of 
a hemiacetal function, which in solution is in equilibrium with the 
f ree aldehyde form. The benzylidene group was unaffect ed as shovm by a 
sing let at 6 = 5.52 . 
Compound 8 was prepared by treating compound ! with an equivalent 
a mount of sodium hydroxide in methanol at room t e mperature for 15 h. 
Disappearance of the IR absorption band at 1740 cm- 1, and appearance at 
1605 cm- 1 of a broad carboxylate ani on band was observed. The PMR-
spectrum showed a si;,gl et at 6 = 5.60, indicating the presence of tt""le 
benzylidene group, and doublets at 6 = 4.90 and 6 = 4.70 for the 
methylene protons of the benzyl ag lycon , ind i cative t hat it vlas not 
affected under t he reaction condi tions. Compound 8 vlas prepared in 
quantitative yield. The sol ubility properties of compound ~ were 
unexpected for a carboxyl ate salt. It shows low solubil ity even in hot 
water , and is soluble in several organic solvents (see exp. part). The 
l ow solubi lity i n water can be expl a ined by t he influence of the four 
aromatic rings, which give the mol ecule non- polar propert i es. 
After understanding the behavior of compound 1 toward acids and 
bases , a possible alternate pr ocedure to ~repare i t, starting from 
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benzyl - 2-amino 4, 6-o-benzylidene-2- deoxy- B-Q-glucopyranoside, would in-
c lude the initial treatment of the sugar amino a lcohol with sodium hy-
dride, and a, a-diphenyl bromoacetic acid in a~solute dioxane (Proced. 
A, experimental part) . After evaporation of the sol vents L~e dry 
residue containing the sodium salt 8, would be stirred with aqueous 
citric acid (Proced. B, experimental part) . 
Presumable the lactone ring \~ould be closed, and the unreacted 
sugar amino a l cohol would be extracted into the aqueous phase . Time 
r estraints prevented us from t~ring the complete procedure. 
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Infrared Absorption Bands (cm- 1) Proton ~1agnetic Resonance ( o =PPH) 
Compound . (RCOO) (N- H) (O-H) (Fh-H) (PhC-H) (PhCH2) (C6H5) (CH3CO) 
1 1740 3340 a 3025- 60 5.58 4. 84 4 . S4 7.18 a 
s d d m 
2 1740 hidden 3<120 3010- 40 a 4.86 4.70 7. 25 a 
in OH d d m 
3 174S hidden 3420 3010- 40 a 4 . 86 4 . 70 7 . 25 a 
in OH b d d m 
4 1755 3380 a 3010- 40 a 4 . 88 4.64 7 . 28 1. 75 
\v d d m s 
5 1745 3380 a 3010-40 a 4.89 4.56 7 .25 2.08 2.04 1. 60 
d d m s s s 
6 a 3385 3300 3015 5 . 46 4.75 4 . 58 7. 60 a 
1670def b s d d m 
7 1740 3380 a 3030- 60 5.40 4 . 72 4.75 7. 27 1. 96 1.82 1.56 
w s d d m s s s 
8 1610 hidden 3380 3025-85 5. 60 4 . 90 4. 70 7 . 35 a 
in OH b s d d m 
9 1740 hidden 3345 3025- 40 5.90 a a 7. 35 a 
s m 
a :absent ; b :broad ; def :de [ormation; d:doubl et; m:mulliplet; s:singlel ; t : triplet. ; w:weak 
Table No 1 
Experi.rrental Procedures 
Infrared spectra were recorded with a Perkin- Elmer spectrophoto-
meter Model 283 from potassium bromide pellets with polystyrene as 
reference. Melting points are uncorrected and were determined on a 
Thomas- Hoover melting poi nt apparatus, ~1odel 6404 H. Optica l rotations 
were measured at the sodium D line with an 0. C. Rudolph and Sons, Inc. 
Model 956 polarimeter for chloroform solutions (c=1) unless otherwise 
specified. All compounds synthesized were homogeneous by thin ] ayer 
chromatography anal ysis, on plates coated with 0.25 mm of silica gel GF 
by Analtech , Inc. Plates were developed with chloroform containing 
methanol in concentrations from 3 to 8% ; the compounds were visual i zed 
under UV light, by spraying the TLC- plates with 10% sulfuric acid in 
methanol , and !:>y heating them for 15 mi:1 at 150 ° c. Proton magnetic 
resonance spectra were obtained on an XL-200 FTNMR spectrometer. 
Deuterated chloroform \-.ri th 1% tetramet!1ylsilane as internal standard 
was used as solvent. El emental analyses were done by Beller ~-iicro­
ruialytisches Laboratorium, Gottingen , West Germany. 
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Benzyl 4, 6-o-Benzylidene-S-Q-glucopyranosido( 2, 3:5', 6' ) 3', 3 '-di-
phenyl-2-morpholinone , (1) 
A. Benzyl 2- amino 4 , 6- 0 - benzylidene- 2- deoxy- 3-2- glucopyranoside 25 
(26.6 g , 75 mmol ), dissolved in absolute dioxane (180 ml), and tetra-
hydrofuran (120 ml) was treated v1ith sodium hydride (7.5 g , 180 mmol) at 
room temperature with stirring. After the grey color had vani shed 
(30 min) the r eaction mixture was cooled, and a , a - di phenylbromoacetic 
acid (34 .1 g , 117 mmol ) dissol ved in absolute dioxane (80 ml ) v1as added 
dropv-rise with stirring. The reaction mixture vlas stirred overnight. 
Potassium t - butoxide (7. 75 g , 69.2 mmo l) was added , the solution 
was stirred for 6 h , was concentrated to one-half of its volume , and 
vJas treated wi th water (60 ml) from a dropping funne l, and was refluxed 
for 2 h. The sol vents were evaporated in vacuo. The r esi due was dried 
by disti'lling toluene (2 x 100 ml ) from it, and i t was stirred wit..'-1 
acetic a~'"lydride (15 ml , 150 mmol) and pyridine (108 ml ) overnight. 
After addition of methanol (15 ml), the reaction mixture was added 
f r om a separat ory funne l s l ov:ly to a vigorously stirred mixture of ice 
(300 g) and ·?etrol eum ether (100 ml). 
Crystals vJere fi ltered off, were \•lashed with petroleum ether and 
water , and were stirred wi th methyl ene chloride (200 ml) and with 
finely powdered ar.hydrous sooium sulfate (60 g) overnight. 
'l'he solids Y.'ere filtered off and were washed with methylene ch loride 
( 2 x 10 m 1). The f i 1 trate was evaporated in vacuo. The residue was 
dried by dist i lling methano l from it. , and it was disso lved in hot 
met~anol(l50 ml ). Crystal lization at room temperature, and then at 5° C 
overnig!lt gave com!JOund 1 in three fractions (14 .4 g , 35%, mp:l73° C). 
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After a second crystal l ization from methanol the compound showed: 
mp:173-174° C 
Ana l. Calc. for c34H31!'lo6 (549 . 63): C, 74 . 30% ; H, 5. 69% ; N,2. SS% 
Found : C, 74 . 39% H, S.1 6% ; !'J , 2. 4S% 
B. A Solut i on of compound 8 (0.31 g, O. S mmol ), in d i chloromethane 
(S ml), was stirred with citdc acid (0.07 g , 1 mmo l) in disti lled water 
(20 ml) at room temp2rature overnigh . T!ie solld r esl due was dissolved 
in hot methanol , and ice water was dropwise added to the cloud point . 
Crystallization occurred overnight at S° C. Crystals were suction 
filtered , were washed with cold water , and were air dried to give 
compound 1 (0 . 27 g , 91% ; mp: 173- 174° C ; ( a ) B4 = -149°). 
Anal. Found : C, 73. 91% ; fr , S. 70% ; N, 2.S9% 
Benzyl B-.Q-Glucopyrari?sido(2, 3:5', 6') 3' ,3'-diphenyl-2'-morpholinone 2 
Compound 1 (2.0 g , 3.4 mmol) was hea t ed i n trifluoro acetic 
acid/methanol/benzene (4:1 :4 ; 4S ml) to 6S °C. When TLC analysis 
indicated disappearance of starting material , the clear solution was 
evaporated in vacuo. The solution of the residue in benzene (40 ml ) 
was washed wiG~ sat. aqueous NaHC03 (2 x 10 ml), H~ aqueous NaHso3 (2 
x 10 ml) and water (1 0 ml ), and was evaporated . The sol ut i on of the 
residue in CH2c1 2 (20 ml) was treated vli th n-heptane (40 ml) and was 
s l owly evaporated under dry N2 until crystal s appeared. 
Crystallization was comp l eted overnight at S° C. Crystals were 
suction filtered, were washed with cold heptane , and were a ir dried , t o 
give compound 2 (1. 4S g , 86% ; mp: 69- 71° C ; ( ex JB 4 = - 120°). 
Anal. Calc . for c27H27No6 (461.S2) : C, 70. 27% 
C, 71.48% 
H, S.90% ; N, 3.03 % 
H, S. 91% ; N, 2. 87% 
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Benzyl 6-o-triphenylmethyl-S-Q-glucopyranosido(2, 3:5', 6 ')3', 3'-di-
phenyl-2'-morpholinone (3) 
Toluene \vas distilled from comr:x::mnd l {0.92 g , 2 mmol) which v1as 
then heated and stirred for 1 h at 100° C with absolute pyridine {10 ml) 
and t riphenyl rnethy l chloride {0.56 g , 2 mmol) . 
The reaction mixture was poured on crushed ice {100 g) and heptane 
{40 ml) with vigorous stirring. 
Crystals were suction fil tered, were v:ashed v.tith col d heptane , and 
were recrystallized from et:.l-Janol to give compound 3 {0.40 g , 28% 
mp:113-115° C ; {a )~4 =- 103°). 
Anal. Calc. for c46H41No6 (7 03 . 84 ): C, 78 . 50% ; H, 5. 87% ; N, 1.99% 
C, 78. 02% ; H, 6 . 03% ; N, 2.06 % 
Benzyl 4-o-Acetyl-6-o-triphenylmethyl-S-!2"'"'9'lucopyranosido(2, 3:5', 6') 
3', 3'-diphenyl-2'-morpholinone (4) 
The solution of compound 3 (1.0 g , 1.3 mmo l), in pyridine (5 ml) 
and acetic anhydr i de (0 . 3 g , 3. 0 mmol ), was kept at room temperature 
overnight, and was poured into ice (50 g). Crystals were f i ltered off, 
were washed with cold water , and were recrystallized from ethanol to 
give several fractions (mp: 184-186° C). 
A second recrystallization from ethanol gave compound j_ (0 . 33 g, 31% ; 
mp: 188-1 89° C ; ( a ) ~4 = - 104°). 
Anal . Calc. for c48H41No7 (745. 88 ): C, 77.30 % ; H, 5. 81% ; N, 1. 87 % 
Found : C, 77.41 % ; H, 5. 85% ; N, 2.05% 
,. 
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Benzyl 4~6-Di-o-acetyl-S -Q-g l ucopyranosido ( 2 1 3 : 5 ' I 6 ') 3 ' 1 3'-dipheny l-
2 '-morpho1inone (5) 
A solution of compound ~ (0.46 g , 1 mmol) i n acetic anhydride 
(0.3 g , 3 mmol) , and pyri dine (3 ml) was kept at room temp-2rature for 
10 h and was poured with vigorous stirring into ice (50 g) . Crystals 
weresuction fi lteredand were dissolvedin benzene(10ml). The 
benzene solution was washed with 10% hydrochloric acid (2 x 15 ml) , with 
water (2 x 5 ml) and fina l ly with saturated aqueous sodi um bicarbonate 
(10 ml) , was dried with anhydrous sodium sulfate, and was evafX)rated in 
vacuo. The residue was dissolved in hot methanol. vlater was added to 
the c loud point, and the mixture was slowly freed of organic solvents 
under a stream of filtered a ir in a filter flask. Several r epetitions 
of this procedure gave crystalline compound ~ (0.25 g , 58% ; mp: 77- 8° C 
( a ) 84 = - 145° ) . 
Ana l . Calc. for c31H31NOg (545 . 60) : C, 68 . 25% ; H, 5. 73% ; N, 2. 58% 
Found : C, 67.99% ; H, 5. 55% ; N, 2. 59% 
Benzy 1 4 I 6-0-Benzy 1i dene-2- ( (1, 1-dipheny 1- 2-hydroxyethy 1) amino) - 2-deoxy 
- S-Q-glucopyranosi de (6). 
A solution of compound 1:_ (0.55 g , 1 mmol) in anhydrous dietbyl ether 
(60 ml ) was boiled to reflux with lithium a luminum hydride (O. lg) for 
40 hand was then stirred witb saturated aqueous potass ium hydroxide 
(20 ml) . The ether phase was separat ed ,was washed with water,was 
dried with an.'lydrous sodium sulfat e , and was evaporated in vacuo. The 
sol id residue was briefly boi l ed with heptane (20 ml) . 
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The mixture was kept. at -15° C overnight. Crystal s were filtered 
off were washed with col d heptane, and were air dried to give comf:X)und _§_ 
(0 . 41 g, 75% ~ mp: 185- 86° C ~ ( a ) ~ 4 = - 69°). 
Anal. Calc. for c34H35No6 (553 .70) C, 73.76% H, 6.37% N, 2 . 53% 
Found C, 73.14% H, 6.59% N, 2 . 51% 
Benzyl-3~Acetyl-4 , 6~Benzylidene-2-deoxy-2- (( 1, 1-diphenyl-2-acetoxy­
ethyl) amino)-e-£-glucopyranoside (7). 
A solution of comf:X)und _§_ (0.15 g, 0.27 mmol) in pyrid ine (2 ml ), and 
acetic anhydride (0. 2 g , 2 mmol) ,was kept f or 2 h at r oom t e mperature 
and was treated ~t.'ith ice (10 g) . Crystals were sucti on filtered, we re 
air dried, and vlere recrystallized from methanol/water to give compound 
2 (0 . 15 g , 93% ~ mp: 94- 95° C ~ ( a )~4 = - 36°) . 
Ana] . Calc . for c38H39No8 (637. 74) 
Found 
C, 71 . 57% H, 6 . 16% N, 2.20% 
C, 71 . 66% H, 6 . 03% N, 2. 29% 
Benzyl 4, 6~benzylidene-2- ( (carboxydiphenylmethyl)amino)-2-deoxy-6-Q-
glucopyranoside , Na-sal t (8). 
A solution of compound 1:. (0.55 g , 1 mmoJ) in 0.04N methano l ic sodium 
hydroxide (50 ml) was kept at room temperature. After 15 h, TLC showed 
compl ete consumption of starting material s . The solution (pH = 11) 
was evaporated to dryness i n vacuo. The residue was digested with 
di stilled water (10 ml) at room temperature. The remaining solid was 
filter ed off, and was dissolved in the minimal a mount of boiling v1ater. 
At room temperature first , and t hen at 5° C, crystals separated which 
were suction f il t.ered , and were wa s hed with a s ma ll a mount of co ld 
water to give compoun~ 8 (0 . 60 g , 100% ; mp:165- 70° C ; ( a ) ~4 = 
- 21°C) . 
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The sodium salt~ is only sparingl y sol~~le , even i n hot water. It 
is sol uble in hot toluene and in methyl ene chloride , chloroform, t etra-
hydrofuran , and di oxane . 
4,6-o-Be nzylide ne -Q-glucopyrano-(2, 3:5', 6')3', 3'-diphenyl-2'-morpho-
linone (9). 
A solut i on of compound 1:_ (0. 55 g ,1 mmol) in metha nol (1 0 ml), and 
tetrahydrofur an (10 ml) ,was hydrogenated on 1 0% pa ll adium/charcoal 
(0.1 g) at room temper ature and 1 at until no starting ma t e rials were 
detectable by TLC (48 h). The catalyst was f i l tered off and was washed 
with methanol (10 ml). The filtrate was evaporated to dryness in vacuo 
The r esidue was recrysta llized from methanol , to gi ve compound ~ (0.30g, 
65% mp: 90- 91° C ; ( a )84 = -73° C ) . 
Anal. Ca l c. for c27H25No6 (459.50) : C, 70. 58% ; H, 5. 48% N, 3.05% 
Found : C, 70 . 38% ; H, 5. 69% N, 2 . 75% 
SUMMARY 
Benzyl 2- amino 4, 6- 0- benzylidene- 2- deoxy- B-£ - glucopyranoside 
reacted with a , a - diphenyl bromoacetic acid in dry tetrahydrofuran 
and dioxane in presence of sodium hydride and potassium t - butoxide 
to give benzyl 4, 6- 0- benzylidene 8-Q- glucopyranosido(2 , 3:5', 6' ) 3 ', 
3'-diphenyl-2'-morpholinone !· 
The benzylidene group was removed from compound 1 with trifluoro 
acetic acid to give benzyl S-£- glucopyranosido(2 , 3: 5', 6') 3', 3' - di-
phenyl- 2' -morpholinone (~), which was treated with triphenylmethyl-
chloride in absolute pyridine to give compound l, which was acetylated 
with acetic anhydride and pyridine to give benzyl 4- 0- acetyl-6- 0- tri-
phenylmethyl S-Q- glucopyranosido(2 , 3:5 ', 6 ') 3 ', 3'-diphenyl- 2'-mor-
pholinone (_~). Compound~ was diacetylated on C- 4, and C-6 positions 
with acetic ~~ydride and pyridine to give benzyl 4, 6- 0-di- acetyl- 8-Q-
glucopyranosido(2, 3:5', 6 ') 3', 3'diphenyl- 2'-morpholinone (5) . 
Compound l_ was reduced wi~~ lithium aluminum hydride in a~~ydrous 
diethylether to produce benzyl 4, 6- o-benzylidene-2- ( (1 , 1 diphenyl- 2-
hydroxyethyl)amino) -2-deoxy- S-Q-glucopyranoside, .§_. The acetylation of 
compound 6 with acetic anhydride and pyridine gave benzyl 3-0-acetyl 
4, 6- 0-benzylidene-2-deoxy- 2-( (1, 1 diphenyl- 2- acetoxyethyl)amino) - 8-Q-
glucopyranoside (7). 
Compound l_ wa s also hydrolized with methanolic sodium hydroxide 
solution t o give benzyl 4, 6- 0- benzylidene-2-( (carboxydiphenylmethyl 
amino)-2- deoxy- 8-Q-glucopyranoside, Na+- salt (~) , which upon treatment 
with citric acid solution was recycl ized to give compound 1. 
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Compound l:_ was hydrogenated with 10% palladium/charcoal to give 
crystalline 4, 6- 0- benzyl idene- ,Q-glucopyrano(2, 3:5', 6') 3' , 3'- diphenyl 
- 2'-morpholinone 9. 
The investigated derivatives protected with cyclic blocking groups 
in the 2,3 or 4,6- positions of the 2-amino-2-deoxy-£ - glucopyranose 
structure are of potential importance for disaccharide syntheses and for 
syntheses of selectively substituted derivatives. 
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